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People who live in rural areas do not have access to the health and personal care services that are available to the rest of the population. Some of their needs can be addressed using technology enabled services. The purpose of this paper is to describe the infrastructure requirements for successful implementation of technology enabled health and support services, and to consider the opportunities for using technology to satisfy the needs of people at each level of the Maslow Hierarchy. This involves the development of a more technology-related pyramid and a consideration of the requirements for a range of application examples for each level. It was found that applications relevant to physical and safety domains are mature, available and easy to implement. However, higher levels of need require people to have broadband or fast mobile access, as well as their own mobile computing devices such as a tablet or smartphone. These allow the use of apps that provide powerful ways of addressing needs. It is suggested that few existing technology services providers can offer a spectrum of applications that would be required by most end-users but that innovators will develop service delivery partnerships and utilize more generic support workers. Some pump priming may be necessary to ensure that service providers offer the required level of investment in training and equipment. DOI: [10.9774/T&F.4700.2017.de.00007] Kevin Doughty has nearly 40 years of experience in commercial, academic and technological aspects of care and support for older and disabled people. He has co-managed a residential care home, led a university research group, spun-out a specialist development company and provided leadership and guidance on technology enabled care strategies and digital transformation for local authorities, housing associations and NHS groups. He is currently chairman of T-Cubed, a specialist telecare consultancy and also directs the i-Centre for Usable Home Technology, a free membership organisation that supports frontline staff to embrace innovation, whilst giving entrepreneurs the opportunity to engage with users and to coproduce products for the elder care market. He advises government and community-based organisations, locally, nationally and internationally, and produces or delivers training resources and workshops to students and professionals. He is a Visiting Professor in Digital Transformation of Care Services at the University of Cumbria.
the role of technology in addressing health and social care needs A geing populations and the higher healthcare expectations of the public in developed countries are combining to increase pressure on services with respect to cost and capacity (Care Quality Commission, 2016) . Services can be transformed by bringing care closer to home, and often into the home (Monitor, NHS Improvement Agency, 2015) . Efficiency may be improved through a greater use of information and assistive technologies (Kudyba, 2106) . These may lead to significant cost reduction and quality improvement through, for example:
However, it may be argued that the benefits of technology are most apparent when applied to people living in urban environments where there is a high population density, a well-developed communications infrastructure, and access to a large pool of well-trained care staff (Schur et al., 2002) . The opportunities for using technology in more rural areas are often perceived to be more limited, resulting in a need for both communities and local businesses to innovate to offer cost-effective solutions to the needs of people who may be geographically isolated. These might include the creation of alliances of a range of businesses and third sector organizations, and the development of more generic operational roles that can offer more efficient operation, thus reducing the need for visits by multiple agencies.
Rurality is considered by some to be a subjective term, even though it is well-defined in some countries using a specific index such as the Rural Urban Classification (Australian Bureau of Statistics, 2001), which defines areas as rural if they are outside settlements with more than a 10,000-resident population. The size of a community, distance from population centres and access to services are also relevant. Similarly, the Cloke index (Cloke, 1977) uses 16 different ways of drawing such conclusions that result in areas of England and Wales being categorized using four criteria: extreme rural, intermediate rural, intermediate non-rural and extreme non-rural (in addition to urban). This suggests that rurality is not simply about geography but implies positive lifestyle choices (Chigbu, 2013) which might, in turn, be relevant to aspects of mental health (Philo et al., 2003) .
In countries such as Canada, Brazil and the USA, the scale is significantly different, and population density and factors such as temperature, rainfall and the terrain are relevant to rural categorization in the way that they support opportunities for farming and how rural an area might then be considered. The significance is that they can be used to determine the level of economic support available across a spectrum of activities such as building a house or setting up a business. In the USA, remoteness is considered differently for healthcare than for other government organizations and applications (Egede and Bosworth, 2008) which acknowledges the significance of rurality on the healthcare agenda and its importance in maintaining the well-being of citizens.
This paper considers some of the health and social care needs of rural communities, focusing on the support required by older and disabled people. It considers some technology enabled care solutions and the services that can become sustainable business elements while yielding meaningful benefits to the populations that they serve.
Enablers of technology support Telecommunications
The analogue Public Switched Telephone Network (PSTN) is being slowly replaced by digital services that carry far more information reliably, enabling many new applications, especially those using video (Bughin, 2015) . However, the speed of broadband based on fixed telephone lines depends both on the regional fibre infrastructure and on the distance between the home and the nearest exchange. The result is that highly populated areas have access to fast broadband while rural areas receive a much slower service (Greenemeier, 2017) . The penetration of 3G and 4G services is equally dependent on population, with the result that there are many "not-spots" in rural areas of the UK, including the Lake District, Snowdonia and large areas of the Highlands (Rathbone, 2016) . Here, it may be impossible to receive a reliable signal on a voice network inside some homes irrespective of mobile provider. Many villagers are therefore compelled to develop local projects to fund innovative schemes. In Wales, where some rural villages are cut off through lack of broadband and mobile signal, the Welsh Government offers funding to small companies (Access Broadband Cymru, 2016) for: t A broadband satellite connection installation for the home or business t A larger scale satellite connection for a village t A wireless network delivered by a service provider t A next generation broadband service In Australia, the rollout of the National Broadband Network was originally designed to enable super-fast services to all properties irrespective of location, using a range of innovative communication technologies. This project is no longer going ahead (Sorensen and Medina, 2016) with the result that fast-broadband services are limited to larger towns and cities, often along coastal belts, but that gaps in provision are being rapidly made up by fixed mobile provision.
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Equipment in the home
Computers and laptops were the only devices capable of accessing the internet until the appearance of smartphones and of tablet devices; these new devices have had a major impact since 2007 and 2010, respectively. Their touchscreen user interfaces, their simplicity of use, and the introduction of "apps" has offered generations of older people the opportunity to join the digital revolution without needing to learn code, word processing or other software applications (Adams and Lee, 2017) .
Smart televisions can also be used to access the internet via a dongle or plug-in stick device, enabling the visual benefits of large screens to be realized by people with visual impairment. Vehicles including mobile libraries can be equipped with satellite-based communication systems that allow people in remote communities to try internet access using a range of different portable devices and computer systems in order that they can be shown some of the applications that are likely to be beneficial. When training is also offered to users this can improve take-up.
Service applications
Ultimately, the health, well-being and social care needs of individuals vary so much that it is impossible to provide a standard offering. Everyone is different, and each individual and family has different support networks and deficits that need to be filled in order that they can enjoy independence and a good quality of life. Assessment is therefore the key, and this is recognized in many processes developed worldwide (Banahan, 2004) . However, simply recognizing a gap in provision doesn't directly link to a solution unless service providers are able to offer the relevant service element through monitoring centres that also provide coordination. As technology solutions mature, the potential for community care providers to extend their offerings to include new technology enabled solutions alongside more traditional human interventions, such as domiciliary care, also increases.
It follows that community businesses can work with technology specialists to provide a suite of applications. This may require the development of new generic roles for front-line staff who may be required to fulfil tasks such as: t Identify needs and discuss possible solutions with service users t Support the service users in using the technology more effectively t Solve practical problems in the field to avoid the need for technical specialists to be called out unnecessarily
Forward looking businesses have an opportunity to work more closely with domiciliary and other community care providers to provide more holistic services that can benefit their service users. 
The availability of physical or virtual (technology enabled) support
The Maslow Hierarchy of Needs (Maslow, 1943) was originally proposed in 1943 to explain human development and motivation but has been extended (Maslow, 1954) into a popular framework for psychologists to use to understand the needs of individuals. It might then be a short step to identifying deficits and opportunities to improve quality of life. It is often drawn as five tiers of the Maslow Pyramid shown on the left in Figure 1 , though this number is sometimes extended to seven or eight levels so that cognitive needs, aesthetic needs and transcendence can be included separately. Table 1 identifies ways in which conventional health, social care, housing and other community services have developed to satisfy the needs associated with the five levels of Maslow's Hierarchy. It may be apparent that the basic physical needs of air, water and food are metabolic requirements for all animals (Taylor, 2015) . Similarly, clothing and shelter from the elements should form part of human rights, as would a requirement for people to feel safe in their own homes and in the wider community. Higher levels of need are more associated with well-being, occupation, mental health and happiness (Tay and Diener, 2011) , and may be supported by non-formal and non-profit care organizations including those that are faith-based and associated with or inspired by religion or religious beliefs (Levin, 2014) .
Basic human needs and many more complex needs are interrelated and may require interventions at more than one level at a given time, and by more than one service or agency. But alternative approaches may be possible by addressing the five levels of need in a technology-specific manner that can be enabled by adopting a slightly modified definition of the needs and dimensions as shown on the right of Figure 1 . 
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Technologies to support physical/physiological needs
It is not surprising that technology has been introduced to help people maintain their health status and to perform more self-care. The costs relate to both the time taken for health professionals to visit remote properties, but also to the transport difficulties faced by many older people who don't drive and who must rely on infrequent buses and trains. Table 2 provides a non-exhaustive list of applications for technology, and the infrastructure requirements for such applications to become practical and remote support mechanisms. In all cases, there are logistical needs to support installation and technical triage to provide reassurance and ongoing support. The systems that support such arrangements range from simple approaches, such as Florence (Cottrell et al., 2015) that rely on texting, through to more complex systems with bespoke home interface units as were used in Whole System Demonstrator projects that included patients in the largely rural county of Cornwall (Henderson et al., 2013) .
Technologies to support safety and security concerns
One of the reasons that people need to move into residential care is to provide constant supervision in case they have an accident, or if they do not have the insight or cognitive ability to recognize a risk or an emergency (McCreadie, 2009) . This is an expensive approach which, in rural areas, often means people being located some distance away from their own communities, resulting in them receiving few visitors. However, there is considerable evidence to show that many can continue to live safely in their own homes if the risks are managed through technology and is the basis of practical telecare systems that have become popular in developed countries during the past decade (Doughty and Williams, 2001) . 
Supporting social inclusion
Many older people are socially isolated and lonely through a lack of social belonging, little public contact and relationships that are unfulfilling (Hadi and Hadi, 2017) . It is well established that social isolation can lead to mental health problems and, ultimately, to physical illness too, unless there are effective intervention strategies (Findlay, 2003) . Virtual meetings might offer some benefits to people who live in rural locations but only if they can be arranged appropriately. The challenge may be to convince service providers to include such applications within their inventories. It may be observed from Table 4 that the communication needs for this level are almost entirely dependent on internet access through broadband and Wi-Fi or through appropriate mobile services. Similarly, service is provided generally through an app and an appropriate web interface. Technologies to make independence a reality An individual's sense of self-esteem may be increased when they are able to perform tasks on their own and without the help of others, which is a key purpose for assistive technologies (Rainers et al., 2005) . The impact of devices and systems has been studied widely for a wide range of disabilities and deficits including dementia (Sum and Fleming, 2014) . Table 5 describes some of the applications for technology that use telecommunications and information technology to support greater independence. 
Supporting self-fulfilment through technology
Many people have ambitions and desires that they may try to achieve through their own efforts; these may be personal goals or "bucket lists" of activities that they want to perform or places that they want to visit (Stathers, 2017) . Physical and cost limitations can be obstacles to achieving these ambitions, but others may be overcome using technology of the type listed in Table 6 . information without offering a full context that allows alternative interventions and outcomes to be compared. New products may need independent evaluation to convince commissioners of their efficacy, and the public of their value for money.
t Business case. The cost benefit analysis can be flawed if the comparison packages of care used in trials are either unrealistic or simply unavailable due to a lack of capacity within the social care sector. High cost residential care is often cited as the only alternative to technology when there are rarely beds available when needed nor in the desired locations. Supply chains have yet to mature, so it becomes difficult to introduce sustainable solutions.
t Return on investment for organizations. Providers of technology enabled care at home services need to receive guaranteed funding for a specified number of service users before they can be expected to offer the wide range of options described in this paper. A level of pump priming may be necessary to ensure that providers are able to justify their investment in training and in technology over both the short term and the longer term.
Conclusions
The potential applications of technology enabled care at home are numerous, as are the likely benefits to an ageing population. In practice, however, it is likely that only a small number of service providers in each country are capable of assessing the needs of an individual, knowing what applications might be relevant, and identifying whether they have the digital confidence and maturity necessary to successfully use them. The challenge might then become one of identifying all organizations that are demonstrating good practice and of encouraging and supporting them to expand their reach to include more rural areas. This may require them to partner with existing community care providers and to train their staff to better understand the aspirations and deficits of their clients. This could lay the foundations of system-wide transformation and improvement of care systems so that technology options become more routine and acceptable. The need for further evidence of success may be apparent both to ensure appropriate investment in communications infrastructure, and to persuade potential self-funding service users to invest in broadband for their homes and in the computing devices necessary to match technology applications with their needs. Without a rapid acceptance of technology solutions, older and disabled people living in rural communities may have to accept a lower quality of life and access to a reduced level of intervention by care staff.
